Introduction {#jog13938-sec-0005}
============

Endometriosis (EM) is a chronic benign gynecological disease characterized by the presence of ectopic endometrial tissue outside of the uterus. It is considered to be an inflammatory, estrogen‐dependent disorder and causes pelvic pain and infertility. EM affects an estimated 10--15% of reproductive‐aged women, and approximately 20--40% of infertile women are found to have EM.[1](#jog13938-bib-0001){ref-type="ref"}, [2](#jog13938-bib-0002){ref-type="ref"} The etiology of EM is complex and multifactorial. The most widely accepted theory of EM is the retrograde menstruation theory.[3](#jog13938-bib-0003){ref-type="ref"} However, this theory has been repudiated because retrograde menstruation occurs in approximately 90% of women while only a small subset of those women (10--15%) develop EM.[4](#jog13938-bib-0004){ref-type="ref"} Thus, scholars have hypothesized that immunologic alterations may be a critical aspect involved in the pathogenesis of EM, which causes the inadequate removal of retrograde endometrial debris and an enhanced ability of endometrial lesions to implant on the peritoneal surface.[5](#jog13938-bib-0005){ref-type="ref"}, [6](#jog13938-bib-0006){ref-type="ref"} However, the exact mechanism is still unknown.

Macrophages are the predominant resident immune cells in the peritoneal cavity, functioning to eliminate aberrant cells or tissues. Macrophages are abundant in endometriotic lesions, where they are recruited and undergo alternative activation.[7](#jog13938-bib-0007){ref-type="ref"}, [8](#jog13938-bib-0008){ref-type="ref"} In women with EM, there is a dramatic increase in the number of peritoneal macrophages, accompanied by excessive production of cytokines, such as interleukin (IL), tumor necrosis factor (TNF)‐α, prostaglandin (PGE2), and vascular endothelial growth factor.[9](#jog13938-bib-0009){ref-type="ref"}, [10](#jog13938-bib-0010){ref-type="ref"} These molecules have been subsequently found to facilitate the adhesion, angiogenesis and implantation of endometrial fragments, to reduce the phagocytic capacity of peritoneal macrophages and to increase the production of IL‐6.[7](#jog13938-bib-0007){ref-type="ref"}, [11](#jog13938-bib-0011){ref-type="ref"} Macrophages with compromised function, especially reduced phagocytic capacity, further contribute to the impaired clearance of endometrial lesions and the occurrence of EM.

The signal regulatory protein‐α (SIRP‐α) is an immunoglobulin superfamily transmembrane glycoprotein, also known as Src homology regin 2 domin‐containing protein tyrosine phosphatase (SHP) substrate‐1, macrophage fusion receptor and p84 neural adhesion molecule. As a receptor, SIRP‐α has an extracellular region containing three Ig‐like domains, which bind to the broadly expressed CD47 on target cells, and a cytoplasmic region, comprising immunoreceptor tyrosine‐based inhibitory motifs which allow the binding of SHP1 and SHP2. SIRP‐α is selectively expressed in myeloid cells (e.g. macrophages and dendritic cells) and neuronal cells.[12](#jog13938-bib-0012){ref-type="ref"} Recent studies have reported that SIRP‐α, interacting with its ligand CD47, regulates neuronal networks, tumor development and immune homeostasis.[13](#jog13938-bib-0013){ref-type="ref"}, [14](#jog13938-bib-0014){ref-type="ref"}, [15](#jog13938-bib-0015){ref-type="ref"} Through binding to CD47, SIRP‐α initiates a cascade of events that lead to the inhibition of phagocytosis by macrophages, transmitting a '"don\'t‐eat‐me' signal. Thus, upregulation of SIRP‐α/CD47 signaling may permit aberrant cells to escape from immunologic surveillance.

CD36 is an 88‐kD membrane glycoprotein expressed on a variety of *cell* types, including macrophages, platelets and certain microvascular endothelium. It serves as a class B *scavenger receptor* that is involved in multiple physiological and pathologic processes, including the clearance of oxidized low‐density lipoprotein and apoptotic neutrophils.[16](#jog13938-bib-0016){ref-type="ref"}, [17](#jog13938-bib-0017){ref-type="ref"} CD36 is required for early cardiac repair through phagocytosis of dying cardiomyocytes after myocardial infarction.[18](#jog13938-bib-0018){ref-type="ref"} A previous study found that degradation of CD36 sabotages the phagocytic capacity of macrophages and prolongs neutrophil inflammation, which delays cardiac healing postmyocardial infarction.[19](#jog13938-bib-0019){ref-type="ref"} Additionally, CD36 has been found to promote the degradation and clearance of ectopic cellular debris during EM.[20](#jog13938-bib-0020){ref-type="ref"}

Despite an increased absolute number of peritoneal macrophages, they exhibit dysfunctional phagocytosis function, which is considered to be an essential contributor to the development of EM. We speculate that, in EM, macrophages show abnormal receptor expression, including the expression of SIRP‐α and CD36, resulting in poor phagocytic capacity and reduced uptake of endometrial fragments that are shed during menstruation. However, the expression of SIRP‐α/CD36 on macrophages during the development of EM is not yet known. In this study, we examined the expressions of SIRP‐α and CD36 in peritoneal macrophages of patients with EM. We also investigated alterations in the expression of these two receptors in macrophages when patients were subjected to endometrial homogenates or serum from EM patients or control participants, as well as exploring the underlying signal pathways.

Methods and Materials {#jog13938-sec-0006}
=====================

Participants {#jog13938-sec-0007}
------------

The experiment was approved by the Ethics Committee of the Second Xiangya Hospital of Central South University. All patients signed informed consent forms prior to participation. The endometrial tissue samples were collected during laparoscopic surgery from 22 women who were admitted during the period between September 2015 and February 2016. Among these women, 15 women, aged 35.3 ± 2.6 years (ranging between 26 and 45 years), were histologically diagnosed with EM. In accordance with the American Fertility Society classification, 3 patients were in stages I and II and 12 patients were in stages III and IV. Another seven women, aged 31.3 ± 3.5 years (ranging between 18 and 43 years), who underwent laparoscopic surgery for incision of uterine septum during the same period, were enrolled as control participants. The absence of EM was confirmed laproscopically. All of the enrolled women had a regular menstrual cycle, with no medical history of immune deficiency, malignancy or other major diseases or complications. None of the patients received hormone therapy treatment in the 3‐month period before laparoscopic surgery.

Collection of peripheral blood, endometrial tissue and peritoneal fluid {#jog13938-sec-0008}
-----------------------------------------------------------------------

Before laparoscopic surgery, 5 mL of peripheral blood sample was collected from each patient and placed in tubes with procoagulants.

The blood samples were stored at 4°C for further use. After anesthesia, the abdominal cavity was washed with 50 mL of normal saline. Peritoneal washings were then collected into a sterile centrifuge tube, and stored at 4°C.

During laparoscopic surgery, eutopic endometrium was obtained from women with EM and normal endometrium was obtained from control subjects. This tissue was then persevered in refrigerator at −70°C.

Mononuclear cell isolation in peripheral blood {#jog13938-sec-0009}
----------------------------------------------

The mononuclear cells were isolated as has been previously reported.[21](#jog13938-bib-0021){ref-type="ref"} Briefly, the collected blood samples were centrifuged at 1200 rpm for 10 min at room temperature. The upper layer plasma was removed, and the samples were diluted with the same volume of phosphate‐buffered saline (PBS). The mononuclear cells were isolated by Ficoll density gradient centrifugation at 1800 rpm for 25 min. The buffy coat layer was then harvested and washed three times with PBS. The final pellet was subjected to osmotic lysis to eliminate red cell contamination.

Macrophages isolation from peritoneal fluid {#jog13938-sec-0010}
-------------------------------------------

The peritoneal washings that were collected were centrifuged at 2000 rpm for 8 min at 4°C. Mononuclear cells in the peritoneal fluid were isolated by Ficoll density gradient centrifugation. The mononuclear cells were re‐suspended and seeded with Roswell Park Memorial Institute (RPMI)‐1640 medium in 6‐well plates at a density of 1 × 106 cells/mL for 2 hours. The non‐adherent cells were removed, and the adherent cells were collected as peritoneal fluid macrophages.

Preparation of endometrial homogenates {#jog13938-sec-0011}
--------------------------------------

Endometrial tissue homogenates were prepared according to a previous study.[22](#jog13938-bib-0022){ref-type="ref"} Each sample (totaling 100 mg), prepared by pooled frozen endometrial tissues from 1 to 3 women, was thoroughly washed with PBS, and homogenized in a liquid nitrogen‐cooled homogenizer in 5 mL serum‐free RPMI‐1640 medium. The sample mixture was centrifuged at 1200 rpm for 10 min. Cell‐free supernatant was collected and stored frozen at −70°C.

Preparation of conditioned media {#jog13938-sec-0012}
--------------------------------

Endometrial stromal cells (ESC) were a gift from Dr. Huang from the University of South Florida, United States. The ESC were cultured under a condition mimicking a normal menstrual cycle with physiological hormone levels mimicking the proliferative and secretory phase. The cells were seeded in 10‐cm culture dishes at a density of 2 × 10^5^/ml, and cultured in Dulbecco modified Eagle medium (DMEM) medium supplemented with 10% fetal bovine serum (FBS), 10^−8^ mol/L estrogen (E~2~) or 10^−8^ mol/L E~2~ + 10^−7^ mol/L progestin (P) at final concentration. The medium was changed every 2 days, maintaining the concentrations of E~2~ or E~2~ + P. The cells were cultured for 7 days, following which the medium was removed and replaced with 10 mL of serum‐free medium, with the addition of 10^−8^ mol/L E~2~, 10^−8^ mol/L E~2~ + 20 ng/mL IL‐6, 10^−8^ mol/L E~2~ + 10^−7^ mol/L P, or 10^−8^ mol/L E~2~ + 10^−7^ mol/L P + 20 ng/mL IL‐6 for 24 h. The supernatant was then collected as conditioned medium. For cells treated with IL‐6, 2‐μg IL‐6 neutralizing antibody (Santa Cruz Biotechnology) and protein G (Sigma) were sequentially added to the supernatant to neutralize the remaining IL‐6 and to precipitate the IL‐6/antibody complex, followed by centrifugation at 8000 rpm for 10 min, to collect supernatant.

Cell culture and differentiation {#jog13938-sec-0013}
--------------------------------

*Human acute monocytic leukemia* (THP‐1) cells were a gift from Dr. Xiang from the Cancer Research Institute of Central South University. THP‐1 cells were cultured in RPMI‐1640 medium supplemented with 10% FBS, 1% glutamine, 1% penicillin and 1% streptomycin at 37°C and 5% CO~2~. The medium was changed every 2 days. When a high cell density was reached, cells were harvested in a tube and centrifuged at 1000 rpm for 5 min. The pellet was resuspended in RPMI‐1640 medium with 10% FBS and seeded in 6‐well plates at a density of 1 × 10^6^ cells/mL. The cells were stimulated with 25‐ng/mL phorbol 12‐myristate 13‐acetate (Sigma) for 3 days to differentiate. After the removal of nonadherent cells, the adherent cells were M0 macrophages.

Cell treatment protocol {#jog13938-sec-0014}
-----------------------

THP‐1 cell‐derived macrophages were treated with or without 100 μL/mL of eutopic endometrial homogenate from EM patients, or endometrial homogenate from normal subjects for 72 h. The cells were then stimulated with 100 ng/mL lipopolysaccharide (LPS; Sigma) for 24 h, after which the cells were harvested.

THP‐1 cell‐derived macrophages were cultured in DMEM medium supplemented with conditioned medium, at a ratio of 2:1, for 5 days. The cells were then collected for analysis.

THP‐1 cell‐derived macrophages were subjected to 100‐ng/mL LPS for 24 h. After resuspension, the cells were treated with 50‐μg/mL NF‐κBp50 inhibitor SN50 or 10 μM TGF‐β inhibitor SB43154 for 1 h, followed by co‐culture with endometrial homogenate at a final concentration of 100 μL/mL for an additional 72 h. The cells were then collected for molecular detection.

Quantitative reverse transcription polymerase chain reaction {#jog13938-sec-0015}
------------------------------------------------------------

The total RNA was isolated from cultured THP‐1cells using Trizol reagent (1 mL; Invitrogen). Total RNA sample (1 ug) was reverse‐transcribed into complementary DNA (cDNA) using SuperScript III First‐Strand Synthesis System (Invitrogen). The sequences of the primers used are displayed in Table [1](#jog13938-tbl-0001){ref-type="table"}. The primers were synthesized by Make Research Easy Biotech. DNA amplification was performed using SYBR Green on a polymerase chain reaction thermal cycler (Thermo Fisher Scientific) with the following thermal conditions: an initial step at 95°C for 10 min, followed by 40 cycles of 95°C for 15 s, 60°C for 1 min, and 95°C for 15 s, and a final phase at 60°C for 5 min. The relative amount of mRNA of each sample was calculated using the 2^−ΔΔCT^ method, and corrected by referencing the expression of β‐actin (the loading control).

###### 

Primer sequences used for reverse transcription polymerase chain reaction

  Genes                                       Primers               Length/bp
  ------------------------------- -------------------------------- -----------
  Signal regulatory protein‐α      F: 5′‐ TGACCTGGTTGGAGAATGG‐3′       273
  R: 5′‐ TCTCAGCGGCGGTATTTG‐3′                                     
  CD36                              F: 5′‐ AAAATGTAACCCAGGAC‐3′        205
  R: 5′‐ GTGTCGATTATGGCAACT‐3′                                     
  β‐actin                          F: 5′‐ CATCCTGCGTCTGGACCTGG‐3′      116
  R: 5′‐TAATGTCACGCACGATTTCC‐3′                                    

Western blot {#jog13938-sec-0016}
------------

The following primary antibodies were used: SIRP‐α, CD36 and β‐actin (all from Proteintech). THP‐1 cells were harvested and lysed in 50‐ul Lysis Buffer (Thermo Fisher Scientific) for 30 min. The mixture was centrifuged at 12000 rpm for 15 min. The total proteins in the supernatant were quantified with a bicinchonic acid (BCA) kit. 30 ug of samples were then loaded onto each lane during electrophoresis, and then transferred onto 0.2 μm nitrocellulose blotting membranes. The membrane was blocked with 5% fat‐free milk at 4°C overnight for 1 h, followed by incubation with the primary antibodies, CD36 (dilution 1:500), SIRP‐α (dilution 1:200), or β‐actin (dilution 1:1000), at 4°C overnight. The membranes were washed three times with Tris‐buffered saline‐Tween 20. The membranes were then incubated with goat antirabbit secondary antibody (dilution 1:4000--6000; Preteintech) at room temperature for 1 h. Immunoreactive bands on the membranes were visualized by enhanced chemiluminescence (Thermo Pierce) detection reagents. The density of each band was quantified by Quantity One software (Bio‐Rad Hercules) and corrected by referencing the expression value for β‐actin.

IL‐6 concentration in endometrial tissue lysates {#jog13938-sec-0017}
------------------------------------------------

The endometrial tissue was lysed with a lysis buffer. Lysates were then centrifuged at 1500 rpm for 10 min, and the supernatant was collected and stored at −70°C for further determination. The concentration of IL‐6 in the lysis supernatant was measured using an enzyme‐linked immunosorbent assay kit (Thermo Fisher Scientific) according to the manufacturer\'s instructions. The protein concentration in the lysis supernatant was quantified using a BCA kit. Thus, the IL‐6 concentration per milligram of protein was calculated (pg/mL/mg protein). All assays were performed in triplicate in three independent experiments.

Statistical analysis {#jog13938-sec-0018}
--------------------

The [spss]{.smallcaps} for Windows version 19.0 software package ([spss]{.smallcaps} Inc.) was used for statistical data analysis. Quantitative data are presented as the mean ± standard deviation from independent experiments in triplicate. For normally distributed data, comparisons between the two groups were performed using independent‐samples *t*‐tests. One‐way analysis of variance ([anova]{.smallcaps}) with Bonferroni adjustment was used for multiple comparisons. For data that were not normally distributed, the significance of between‐group differences was tested using the Mann--Whitney test and Kruskal‐Walls test. *P* \< 0.05 was regarded as statistically significant.

Results {#jog13938-sec-0019}
=======

The expression of SIRP‐α and CD36 in peritoneal macrophages {#jog13938-sec-0020}
-----------------------------------------------------------

The expression of SIRP‐α in peritoneal macrophages that were isolated from women with EM was significantly higher, at both the mRNA and protein level, than in control participants (*P* \< 0.05 or 0.01; Fig. [1](#jog13938-fig-0001){ref-type="fig"}). In contrast, the mRNA and protein expression of CD36 was lower in peritoneal macrophages that were isolated from EM patients, than in the control participants (*P* \< 0.01).

![The expressions of signal regulatory protein‐α (SIRP‐α) and CD36 in peritoneal macrophages. Peritoneal macrophages were isolated from women with endometriosis (EM) or control participants. The mRNA expressions of SIRP‐α (A) and CD36 (B) were detected by reverse transcription polymerase chain reaction. The band intensities (C) and quantitative analysis of SIRP‐α (D) and CD36 (E) protein levels by Western blot are displayed. EM exhibit higher SIRP‐α levels but lower CD36 levels than the controls. \**P* \< 0.05, \*\**P* \< 0.01. *n* = 7--9.](JOG-45-1045-g001){#jog13938-fig-0001}

The expression of SIRP‐α and CD36 in peripheral blood mononuclear cells {#jog13938-sec-0021}
-----------------------------------------------------------------------

The level of SIRP and CD36 was significantly higher in peripheral blood mononuclear cells isolated from women with EM, at both the mRNA and protein level, than in control participants (*P* \< 0.05 or 0.01; Fig. [2](#jog13938-fig-0002){ref-type="fig"}).

![The expressions of signal regulatory protein‐α (SIRP‐α) and CD36 in peripheral blood mononuclear cells. Peripheral blood mononuclear cells (PBMC) were isolated from women with endometriosis (EM) or control participants. The mRNA expressions of SIRP‐α (A) and CD36 (B) were detected by reverse transcription polymerase chain reaction. The band intensities (C) and quantitative analysis of SIRP‐α (D) and CD36 (E) protein levels by Western blot are displayed. EM exhibited significantly higher SIRP‐α and CD36 levels than the controls. \**P* \< 0.05, \*\**P* \< 0.01. *n* = 7--9.](JOG-45-1045-g002){#jog13938-fig-0002}

Eutopic endometrial homogenate modulates the expression of CD36 and SIRP‐α in THP‐1 cells {#jog13938-sec-0022}
-----------------------------------------------------------------------------------------

THP‐1 cell‐derived macrophages were treated with either eutopic or normal endometrial homogenate for 72 h. The expression of SIRP‐α and CD36 was then detected. The expression of SIRP‐α at the mRNA and protein level was significantly higher in the THP‐1 cell‐derived macrophages that were treated with eutopic endometrial homogenate than those cells that were treated with the normal endometrial homogenate (*P* \< 0.01 or 0.001). Conversely, the expression of CD36 was significantly lower in THP‐1 cell‐derived macrophages that were treated with eutopic endometrial homogenate than those cells that were treated with the normal endometrial homogenate (*P* \< 0.05 or 0.01; Fig. [3](#jog13938-fig-0003){ref-type="fig"}).

![Eutopic endometrial homogenate induces increased signal regulatory protein‐α (SIRP‐α) but decreases CD36 expression in human acute monocytic leukemia (THP‐1) cells. THP‐1 cell‐derived macrophages were treated with either eutopic endometrial homogenate from endometriosis (EM) patients, or normal endometrial homogenate from control participants for 72 h. The mRNA expressions of SIRP‐α (A) and CD36 (B) were detected by reverse transcription polymerase chain reaction. The band intensities and quantitative analysis of SIRP‐α (C) and CD36 (D) protein levels by Western blot are displayed. \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001. *n* = 5--8.](JOG-45-1045-g003){#jog13938-fig-0003}

IL‐6‐induced conditioned medium increases SIRP‐α expression and decreases CD36 expression in THP‐1 cells {#jog13938-sec-0023}
--------------------------------------------------------------------------------------------------------

The average concentration of IL‐6 in the eutopic endometrial tissue lysates from women with EM was significantly higher than measured in the tissue of control subjects (*P* \< 0.01; Fig. [4](#jog13938-fig-0004){ref-type="fig"}).

![Interleukin‐6 (IL‐6) concentration in endometrial tissue lysates. The concentrations of IL‐6 in the endometrial tissue lysates from women with endometriosis or control participants were measured by enzyme‐linked immunosorbent assay assay, and presented as the concentration of IL‐6 per milligram of protein (pg/mL/mg protein). *n* = 5--8.](JOG-45-1045-g004){#jog13938-fig-0004}

Conditioned medium was prepared by treating ESC in the presence or absence of IL‐6, under a condition mimicking the normal menstrual cycle with physiological estrogen and/or progestin levels. The mRNA and protein expressions of SIRP‐α and CD36 were detected in THP‐1 cells after treatment with IL‐6‐induced conditioned medium. Intervention with IL‐6 resulted in a downregulation of the SIRP‐α expression and an upregulation of the CD36 expression in THP‐1 cell‐derived macrophages, as compared with the expression levels observed in the control condition (*P* \< 0.01 or 0.001; Fig. [5](#jog13938-fig-0005){ref-type="fig"}).

![Intervention with interleukin‐6 (IL‐6) results in downregulation of signal regulatory protein‐α (SIRP‐α) but upregulation of CD36 in human acute monocytic leukemia (THP‐1) cells. Conditioned medium was prepared by treating endometrial stromal cells in the presence or absence of IL‐6 under a condition mimicking the normal menstrual cycle with physiological estrogen (E2) and/or progestin (P) levels. The mRNA expressions of SIRP‐α (A) and CD36 (B) were detected by reverse transcription polymerase chain reaction in THP‐1 cell‐derived macrophages after treatment with IL‐6‐induced conditioned medium. The band intensities (C) and quantitative analysis of SIRP‐α (D) and CD36 (E) protein levels by Western blot are displayed. \*\**P* \< 0.01, \*\*\**P* \< 0.001. *n* = 5.](JOG-45-1045-g005){#jog13938-fig-0005}

The expressions of SIRP‐α and CD36 in THP‐1 cells under LPS stimulation {#jog13938-sec-0024}
-----------------------------------------------------------------------

THP‐1 cell‐derived macrophages were treated with either eutopic or normal endometrial homogenate for 72 h, and then subjected to LPS stimulation for 24 h. LPS stimulation led to an higher expression of SIRP‐α and CD36 at both the mRNA and protein level than in the control condition, in both the eutopic and normal endometrial homogenate (*P* \< 0.01 or 0.001; Fig. [6](#jog13938-fig-0006){ref-type="fig"}).

![Lipopolysaccharide (LPS) stimulation leads to increased expressions of signal regulatory protein‐α (SIRP‐α) and CD36 in human acute monocytic leukemia (THP‐1) cells. THP‐1 cell‐derived macrophages were treated with either eutopic or normal endometrial homogenate for 72 h, and then subjected to LPS stimulation for 24 h. The mRNA expressions of SIRP‐α (A) and CD36 (B) were detected by reverse transcription polymerase chain reaction. The band intensities and quantitative analysis of SIRP‐α (C) and CD36 (D) protein levels by Western blot are displayed. EM, women with endometriosis. \*\**P* \< 0.01, \*\*\**P* \< 0.001. *n* = 5--8.](JOG-45-1045-g006){#jog13938-fig-0006}

Inhibition of the NF‐κB or TGF‐β signaling pathway regulated the expression of SIRP‐α and CD36 in THP‐1 cells {#jog13938-sec-0025}
-------------------------------------------------------------------------------------------------------------

THP‐1 cell‐derived macrophages were treated with 100 ng/mL LPS for 24 h, followed by treatment with SN50 or SB43154 for 1 h. The cells were then co‐cultured with endometrial homogenate for 72 h. Incubation with the NF‐κBp50 inhibitor, SN50, led to a decrease in both the mRNA and protein expression of CD36 and SIRP‐α in THP‐1 cell‐derived macrophages that were treated with normal endometrial homogenate (*P* \< 0.01). However, this decreased expression was not observed in cells treated with eutopic endometrial homogenate (*P* \> 0.05; Fig. [7](#jog13938-fig-0007){ref-type="fig"}). Incubation with the TGF‐β inhibitor, SB43154, led to an increase in both the mRNA and protein expression of CD36 in THP‐1 cell‐derived macrophages that were treated with normal and eutopic endometrial homogenate (*P* \< 0.01 or 0.001). However, SB43154 only deceased the SIRP‐α protein expression (*P* \< 0.01), and not the mRNA expression (*P* \> 0.05), in THP‐1 cell‐derived macrophages.

![Inhibition of NF‐κB or TGF‐β/SMAD2/3 signaling pathway regulates signal regulatory protein‐α (SIRP‐α) and CD36 expressions in human acute monocytic leukemia (THP‐1) cells. THP‐1 cell‐derived macrophages were sequentially treated with 100‐ng/mL lipopolysaccharides (LPS) for 24 h, and then 50‐μg/mL NF‐κBp50 inhibitor (SN50) or 10‐μM TGF‐β inhibitor (SB43154) for 1 h, followed by 100‐μL/mL endometrial homogenate for an additional 72 h co‐culture. The mRNA expressions of SIRP‐α (A) and CD36 (B) were detected by reverse transcription polymerase chain reaction. The protein expressions of SIRP‐α (C) and CD36 (D) were detected by Western blot. EM, women with endometriosis. \*\**P* \< 0.01, \*\*\**P* \< 0.001. *n* = 5--8.](JOG-45-1045-g007){#jog13938-fig-0007}

Discussion {#jog13938-sec-0026}
==========

Endometriosis is a complex disease that is associated with local and systemic aberrations in the immune response. Infiltration of macrophages with incompetent phagocytic capacity is a predominant feature of endometriotic lesions. It is not surprising that the significant changes that accompany EM induce immunological changes in macrophages, allowing a permissive environment where endometrial tissues implant via retrograde menstruation. We found that the expression of CD36 was reduced in peritoneal macrophages, coupled with an increased expression of SIRP‐α in patients with EM, providing evidence to explain the loss of the phagocytic function of macrophages. Macrophages function via phagocytosis, which is, at least in part, regulated through the expression of the CD36 receptor. The CD36 receptor on infiltrating monocyte‐derived macrophages has been reported to mediate phagocytosis during the recovery phase in poststroke brains.[23](#jog13938-bib-0023){ref-type="ref"} Additionally, CD36‐mediated phagocytosis of apoptotic cells serves as an important pathway in various pathogenic processes, such as chronic kidney fibrosis.[24](#jog13938-bib-0024){ref-type="ref"} It has been reported that the peritoneal macrophages isolated from patients with EM are less active in phagocytosis.[7](#jog13938-bib-0007){ref-type="ref"} Chuang *et al.* [25](#jog13938-bib-0025){ref-type="ref"} found a reduction in CD36 expression in the peritoneal macrophages of women with EM. Blockage of CD36 impaired the phagocytic ability of normal macrophages; while forced expression of CD36 restored the phagocytic capacity of macrophages in women with EM. In another study, treatment with PGE2 inhibited the CD36‐dependent phagocytosis of peritoneal macrophages and exacerbated endometriotic lesions in a murine model.[26](#jog13938-bib-0026){ref-type="ref"} Consistent with previous studies, we found that the mRNA and protein expressions of CD36 were decreased in peritoneal macrophages of EM patients, as compared with the expression levels observed in the control condition, suggesting a reduced phagocytic ability of peritoneal macrophages.

SIRP‐α interacts with its signaling molecules to regulate a variety of phagocyte effector functions, usually in a negative fashion, to maintain homeostasis. The expression of SIRP‐α on macrophages prevents phagocytosis of Ig‐opsonized red blood cells through the interaction with CD47; whereas depletion of SIRP‐α promotes the FcR‐mediated phagocytosis of red blood cells.[27](#jog13938-bib-0027){ref-type="ref"} Yanagita *et al.* found that blockage of the interaction between SIRP‐α and CD47 remarkably suppressed tumor formation through the enhancement of the cellular phagocytosis of tumor cells by macrophages.[28](#jog13938-bib-0028){ref-type="ref"} In this study, we found that the SIRP expression in peritoneal macrophages from women with EM was significantly higher than the expression observed in control subjects. We speculate that this increased SIRP expression combined with a decreased CD36 expression in peritoneal macrophages leads to impairment of phagocytic ability and insufficient clearance of endometrial lesions in the abdominal cavity, contributing to the development of EM. Interestingly, women with EM exhibited a significantly higher level of SIRP‐α as well as CD36 expression in peripheral circulating mononuclear phagocytic cells, perhaps due to a compensatory mechanism to maintain the phagocytic activity of systematic macrophages. It is thus indicated that a defective phagocytic ability of macrophages may be a local immune dysfunction in patients with EM.

Previous evidence has demonstrated that macrophages that are present in the eutopic and ectopic endometrium can create an inflammatory microenvironment that contributes to the formation of endometriotic lesions.[29](#jog13938-bib-0029){ref-type="ref"} On activation of macrophages, endometriotic implants produce a significant number of cytokines and chemokines, such as IL‐1β, IL‐6, and TNF‐α, cyclooxygenase‐2 (COX‐2), PGE2, monocyte chemotactic protein‐1, and Matrix metalloproteinases‐9. The production of these cytokines and chemokines further facilitates the invasion of EM.[9](#jog13938-bib-0009){ref-type="ref"}, [11](#jog13938-bib-0011){ref-type="ref"}, [30](#jog13938-bib-0030){ref-type="ref"}, [31](#jog13938-bib-0031){ref-type="ref"}, [32](#jog13938-bib-0032){ref-type="ref"} In this study, following treatment with eutopic endometrial homogenate, THP‐1 cell‐derived macrophages showed significantly increased SIRP‐α expression and significantly decreased CD36 expression compared to control conditions. These data reasonably explain the defective macrophage phagocytosis that is caused by the retrograde shedding of the eutopic endometrium into the peritoneal cavity.

IL‐6 is a multifunctional proinflammatory cytokine, which plays a prominent role in a variety of chronic inflammatory conditions. IL‐6 is secreted by macrophages as well as ectopic and eutopic ESC.[33](#jog13938-bib-0033){ref-type="ref"} Women with EM have an increased IL‐6 concentration in their peritoneal fluid.[34](#jog13938-bib-0034){ref-type="ref"} Consistent with this, we found an higher IL‐6 concentration in the eutopic endometrial tissue of women with EM than in their controls. IL‐6 is associated with the invasive, adhesive, and proliferative behaviors of eutopic and ectopic stromal cells from patients with EM, which has been implicated in the growth of EM.[35](#jog13938-bib-0035){ref-type="ref"}, [36](#jog13938-bib-0036){ref-type="ref"}, [37](#jog13938-bib-0037){ref-type="ref"} Additionally, secretion of IL‐6 from macrophages has been reported to promote angiogenesis in the early stage of EM, resulting in a vicious cycle of new implants.[38](#jog13938-bib-0038){ref-type="ref"} In this study, we developed an *in vitro* model that exhibits similarities to the human menstrual cycle with physiological estrogen and/or progestin levels. Intervention with IL‐6 resulted in decreased SIRP‐α expression and increased CD36 expression in THP‐1 cell‐derived macrophages, as compared with the expression levels observed in their controls, suggesting an enhanced phagocytic function of macrophages under IL‐6 stimulation. This supposition appears to be contradicted by the indicated involvement of IL‐6 in the pathogenesis of EM. We speculate that the expression of SIRP‐α and CD36 in macrophages may be affected by various factors in the peritoneal fluid, such as other cytokines and EM lesions, which produce complex, inexplicable results. These findings need further investigation.

Bacterial LPS may have an initial role in the development of EM.[39](#jog13938-bib-0039){ref-type="ref"} Takenaka *et al.* found that LPS promotes the growth and invasion of ESC through the upregulation of COX‐2 and PGE2 expression, demonstrating an association between bacterial infection and endometriotic lesions.[40](#jog13938-bib-0040){ref-type="ref"} In this study, LPS stimulation led to the increased expression of SIRP‐α and CD36, in both the eutopic and normal endometrial homogenate. Dysregulation of NF‐κB activation in the endometrium of EM patients modulates key cell processes that contribute to the initiation and progression of EM.[41](#jog13938-bib-0041){ref-type="ref"}, [42](#jog13938-bib-0042){ref-type="ref"} We found that the NF‐κBp50 inhibitor, SN50, decreased the expression of CD36 and SIRP‐α in macrophages that were treated with normal but not eutopic endometrial homogenate, suggesting the involvement of different macrophage regulatory mechanisms between normal and eutopic endometrium. Previous evidence has demonstrated increased levels of TGF‐β in eutopic and ectopic endometrial lesions, accompanied by decreased immune cell activity within the peritoneum, further fuelling EM lesion development.[43](#jog13938-bib-0043){ref-type="ref"} Han *et al.* reported that TGF‐β1/2 significantly decreases the expression of CD36 in macrophages through a mechanism that involves phosphorylation of mitogen‐activated protein kinase.[44](#jog13938-bib-0044){ref-type="ref"} Consistent with this, we found that inhibition of TGF‐β‐enhanced CD36 expression in THP‐1 cell‐derived macrophages that were treated with normal as well as eutopic endometrial homogenate, indicating that targeting this pathway may have therapeutic potential in the treatment of EM, through the restoration of the phagocytic function of macrophages. In this study, we also found that inhibition of TGF‐β deceased the expression of SIRP‐α in THP‐1 cell‐derived macrophages. However, this change was only observed at the protein level. The changes observed in the mRNA expression of SIRP‐α were not exactly in accordance with the changes observed at the protein level. This result is probably due to some unknown factors, such as post‐transcriptional gene regulation or modification and specific detection time. Further investigation is required to confirm and extend these results.

In conclusion, peritoneal macrophages that are isolated from women with EM exhibit enhanced expression of SIRP‐α and decreased expression of CD36. Eutopic endometrium reduces the phagocytic ability of peritoneal macrophages in women with EM through the modulation of SIRP‐α and CD36 expression. Inhibition of the TGF‐β signal pathway enhances the CD36 expression of macrophages in the presence of eutopic endometrium, providing a potential therapeutic target for the treatment of EM.
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